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Abstract. 

Based on semiclassical tunneling method, our focus is charged fermions tunneling from 
higher-dimensional Reissner-Nordstrom black hole. We first simplify the Dirac equation via 
semiclassical approximation, and then obtain a semiclassical Hamilton-Jacobi equation. Using 
the Hamilton-Jacobi equation, we study the Hawking temperature and fermions tunneling rate 
at the event horizon of the higher-dimensional Reissner-Nordstrom black hole. 
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Hawking radiation is an important prediction in modern gravitation theory [1 ~ 5] . Recently, 
Kraus, Parikh and Wilczek proposed quantum tunneling theory to explain and study Hawking 
radiation [6 ~ 31] , and then Semiclassical Hamilton-Jacobi method is put forward to research 
the properties of scalar particles' tunnels P 2-36 !. In 2007, Kerner and Mann investigated 
the 1/2 spin fermion tunneling from static black holes [37] . In their work, the spin up and 
spin down cases are researched respectively, and the radial equations are obtained, so that 
they can finally determine the Hawking temperature and tunneling rate at the event horizon. 
Subsequently, Kerr and Kerr-Newman black holes cases, the charged dilatonic black hole case, 
the de Sitter horizon case, the BTZ black hole case, 5-dimensional spacetime cases and several 
non- stationary black hole cases were all researched respectively P & - 4& \ and we used Hamilton- 
Jacobi method to study the fermion tunneling from higher-dimensional uncharged black holes 
[49-50] However, up to now, no one has studied higher-dimensional charged black holes 
cases, so we set out to research that case. In our work, we developed the Kerner and Mann 
method, and proved the semiclassical Hamilton-Jacobi equation not only can be obtained 
with the Klein-Gordon equation of curved spacetime, but also with the Dirac equation in 
curved spacetime. Applying the Hamilton-Jacobi equation, we can then obtain semiclassical 
Hawking temperature and tunneling rate at the event horizon of higher-dimensional Reissner- 
Nordstrom black hole. 

In modern physics theory, the concept of an extra dimension can help to solve some 
theoretical issues, so several higher dimensional metrics of curved spacetime was put forward. 
The metric of static charged (n+2)-dimensional Reissner-Nordstrom black hole is given by 

[10,51-55] 

ds 2 = -f(r)dt 2 + r\r)dr 2 + r^Q 2 (1) 
where d£l 2 is the metric of n-dimensional sphere 

n n-l 

dQ 2 t = 2 h tt ddf = dO 2 + sin 2 e x de\ + sin 2 e l sin 2 e 2 de 2 3 + . .. + Y\ sintydfi (2) 
i=i i=\ 

and 

m = 1 - — + 2(n - l)V n r 2n ~ 2 W " = ^ (3) 
M and Q are mass and electric charge of black hole, and the electro-magnetic potential is 

where V n is volume of unit n-sphere (we can adopt the units G = c = h = 1). The outer/ inner 
horizon located at 



n-2 = 

2 



M± JM-- ^ 



Sn(n - 1) 



(5) 



Obviously, at the horizons, the equation f{r+) = should be satisfied. However, the physical 
property near the inner horizon cannot be researched, so we just study the fermion tunneling 
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at the outer event horizon of this black hole. The charged Dirac equation in curved spacetime 
is 



m 



where 



/ZyF + -=0 // = l,2,3,...,n + 2 

I i 



D M = d M + irf + iqA " 



2 » h 



n a/3 = -[y a ,yp] 



(6) 

(7) 
(8) 



m and q are mass and electric charge of the particles. The gamma matrices in curved spacetime 
need to be satisfied 

{/,/} = 2^7 (9) 

After the gamma matrices are defined, we choose the gamma matrices in (n+2)-dimensional 
flat spacetime as 
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r] = 3,4,5, ...,n + 2 



(10) 
(11) 
(12) 



where Im x a> and m are unit matrices and flat gamma matrices with ^ x ^ order, and 
m = 2 (n+2)/2 (m = 2 (n+1)/2 ) is the order of the matrices in even (odd) dimensional space-time. 
Corresponding to the flat case, the gamma matrices can be chosen as 

i 



7 mxm 



-y l 

- 1 mxm 



4f' 

7 mxm ~ yffYir. 
/mxm ' v,t I no 



^2 
' mxm 



f] = 3, 4, 5, n + 2. 



(13) 

(14) 
(15) 



Now, let's simplify the Dirac equation via semiclassical approximation, and rewrite the 
spinor function as 



¥ = 



A Sxl (t,r,...x\...) | ^ 5ftr ,...^...) 



(16) 



Bm xi (t,r,. ..&,...) 

where A| Xl (?, r, ...x 11 , ...) and Bm xl (t, r, ...x 11 , ...) are are column matrices with y x 1 order, and S 
is classical action. Via semiclassical approximation method, Substituting Eq.(16) into Eq.(6) 
and dividing the exponential term and multiplying by h, we can get 



C D 
E F 



2X1 



Xl 



= 



(17) 
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1 / dS \ 

C = -— |— +^A ; j/ fxf +m/» x ™ (18) 

D-i^M-E^'^^M (19) 

£ = '^f^5 + E^'^rl; 2 . (20) 

1 / 3S \ 

F = — — — + qA t 7m x m + m/m x m (21) 
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Solving Eq.(17), we have 

(E - FD- l C)A.« xl = (22) 

(F-EC- 1 D)B qxl =0 (23) 

It is evident that the coefficient matrices of (22) and (23) must vanish, when A| X i and 5™xi 
have non-trivial solutions. Due to the fact that CD = DC, we can write the condition that 
determinant of coefficient vanish as 

det(ED -FC) = (24) 

From the relation of flat gamma matrices {f^,y v } = 26^, we can obtain the semiclassical 
Hamilton-Jacobi equation in (n+2)-dimensional Reissner-Nordstrom space time 

l(dS \ 2 r (dS\ 2 n JdS 



-7l* + * A r / l*j + - +g "^j + "' +m=0 (25) 

Using the Hamilton-Jacobi equation, in charged static spacetime, we can separate the variables 
for the action as 

S = -cot + R(r) + Y(..., x?, ...) + K (K is a constant) (26) 

and the Hamilton-Jacobi equation is broken up as 

1 , (dR\ 2 , A 

--(co-qA t ) 2 + f^—j +m 2 = - (27) 

a 

+ A = (28) 

1 \ OX' I 

where Eq.(27) and Eq.(28) are radial and non-radial equations respectively, and A is a constant. 
However, we only research on the radial equation, because the tunnel at the event horizon is 
radial. From Eq.(27), we can get 

dR(r) yj((o - qA t fr 2 + f(A - m 2 r 2 ) 



dr fr 
Near the event horizon, the radial action is given by 



(29) 



ImR+ = + ImK (30) 

f(r + ) 
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where, R + is part of the outgoing solution, while R is the part of incoming solution, and 

0) Q = q — r (31) 

So the tunneling rate is 

_ Prob[out] exp(-2ImS +) exp(-2ImR + + ImK) ( -4n(a> - a>o)\ 

T = = = = exp (32) 

Prob[in] exp(-2ImS-) exp(-2ImR- + ImK) \ f'(r+) j 

where Im represents the imaginary part of the function, and the Hawking temperature is 

f'(r+) 

T H = ^-r— (33) 
4n 

Of course, In this paper, we researched fermions tunneling from higher-dimensional Reissner- 
Nordstrom black holes. We got the Hamilton- Jacobi equation, and this work shows that 
semiclassical Hamilton- Jacobi equation can describe the property of both spin scalar 
particles and 1/2 spin fermions. In this work, we did not emphasize dimensions of spacetime 
larger than (3+1) dimensions, so the method should be used in the research of (3+1)- 
dimensions and lower cases. However, above work base on the semiclassical approximation. 
Recently, Banerijee and Majhi proposed a new method beyond semiclassical approximation to 
research the quantum tunneling, and their work show that the conclusion should be corrected 
[56-65] _ Q ur fuj-thej- wor k w iii generalize the semiclassical Hamilton- Jacobi method into the 
method beyond semiclassical approximation. 
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